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Embryonic stem (ES) cell differentiation can serve as a model to investigate early stages of develop-
ment. Nishikawa and colleagues, in a recent issue of Stem Cells (Era et al., 2007), have used select-
able markers to detect lineage-specific gene expression and dissect the induction of mesoderm
subsets in ES cell cultures.Cell Stem Cell 1, December 2007 ª2007 Elsevier Inc. 603The ease of accessing and manipulat-
ing specific embryonic stem (ES) cell
populations representative of cells par-
ticipating in early stages of develop-
ment, may present a new approach to
interrogate questions of lineage com-
mitment during mammalian develop-
ment. Using such an approach, Era
et al. (2007) have developed novel ES
cell lines and defined culture conditions
that permit the induction of distinct
types of mesoderm cells in order to
study the divergence of vascular endo-
thelial cell and hematopoietic cell fates.
During murine development, the ba-
sic body plan becomes established
just prior to and during gastrulation,
when the single layer of epiblast cells
is transformed into ectoderm, meso-
derm, and endoderm (Baron, 2005).
During gastrulation, subpopulations
of mesoderm develop through a pro-
cess dependent upon spatial and tem-
poral regulatory control. The first epi-
blast cells traversing the primitive
streak emerge in the most posterior
aspect and contribute largely to the
mesoderm of extraembryonic tissues
such as the yolk sac, amnion, and al-
lantois. Epiblast cells that ingress at
the mid-streak stage emerge more an-
teriorly and give rise to lateral plate
mesoderm, as well as cardiac and cra-
nial mesoderm. At a slightly later stage
of development, progenitors for para-
xial mesoderm emerge. Those epi-
blast cells ingressing through the
most anterior region of the primitive
streak give rise to endoderm and axial
mesoderm. While cell transplantation,
cell marking, and transgenic reporter
strategies have been utilized to pro-
vide information on the allocation ofmesodermal cells to various tissues
and organs of the developing mouse
(Kinder et al., 2001), studies in Xeno-
pus and zebrafish have helped identify
many of the keymolecules that interact
as part of a signaling network involved
in mesoderm induction (Kimelman,
2006). The TGF-b/BMP, Wnt, and FGF
families play important roles in meso-
derm induction in all vertebrates.
In this issue, Era et al. have devel-
oped culture methods and ES cell re-
agents to generate mesoderm subsets
in vitro that correspond to populations
derived in vivo from the most anterior
organizer region (OR) of the primitive
streak, the middle portion of the prim-
itive streak (PR), or the posterior region
(extraembryonic mesoderm). Using
a 500 base pair upstream promoter re-
gion of the brachury gene (T), the au-
thors generated transgenic mice and
demonstrated that the T500 promoter
drove green fluorescence protein
(GFP) expression in cells in the middle
part of the primitive streak, but not in
cells within the OR or extraembryonic
region. They subsequently introduced
the same T500-GFP construct into
ES cells and reported that purified
GFP+ cells expressed endogenous T
protein, and that the peak GFP signal
was observed after 4 days in serum-
containing medium. Under defined
monolayer culture conditions, GFP in-
duction was maximal using 1 ng/ml
BMP4, and activin antagonized the ef-
fect of BMP4 if added no later than day
1 of culture. This group had previously
reported that goosecoid (Gsc) expres-
sion could be used as a marker for
mesoderm derived from the OR area
(Tada et al., 2005) in the presence ofhigh concentrationsof activin (10 ng/ml)
in ES cell cultures, and that certain me-
soderm cells could be identified via ex-
pression of vascular endothelial growth
factor 2 receptor (VR2) (Sakurai et al.,
2006). While activin selectively induced
Gsc expression in cells in the present
studies, BMP4 suppressed activin-in-
duced generation of Gsc+ cells in a
dose-dependent manner. In sum, the
authors have derived culture conditions
that permitted induction of three ES
cell-derived mesoderm subpopula-
tions: T500Gsc+ (corresponding toOR
mesoderm), T500+Gsc (correspond-
ing to PR mesoderm), and T500Gsc
(corresponding to extraembryonic me-
soderm) through balancing the concen-
trations of activin and BMP4.
All three mesoderm subsets ex-
pressed VR2 and gave rise to endothe-
lial cell colonies on OP9 stromal cell
cocultures, though endothelial cell
potential was 30-fold more frequent
in the T500+VR2+ than T500VR2+ or
Gsc+VR2+ subsets. Likewise, only the
T500+VR2+ subset could give rise to
hemogenic endothelium and definitive
hematopoietic cells when cultured in
serum-containing medium. The se-
rum-free conditions developed in this
study, though potent to induce me-
soderm subsets with endothelial po-
tential, failed to induce any definitive
type hematopoietic activity. In con-
trast, a low dose of BMP4 (1 ng/mL)
was able to support the induction of
primitive erythrocytes from T500+ cells
without serum. Thus, the authors con-
cluded that endothelial cell potential
could be found in most subsets of ES
cell-derived mesoderm while definitive
hematopoietic potential was present in
Cell Stem Cell
PreviewsVR2+ cells derived from middle primi-
tive streak-type (T500+) mesodermal
cells.
The approach used by Era et al. is
intriguing and has great potential. As
suggested by the authors, if they are
able to develop other reporter cell lines
to specify additional mesoderm sub-
sets, one could explore induction of a
wide variety of different mesoderm
cell lineages. Others have utilized GFP
targeted to the brachyury locus (GFP-
Bry ES cells) (Fehling et al., 2003) and
CD4 targeted to the foxa2 locus in
the GFP-Bry ES cells to probe the de-
velopment of ES cell-derived progeny
with primitive streak characteristics
(Gadue et al., 2006). ES cells differen-
tiated in serum-free cultures were in-
duced to express anterior primitive
streak markers in the presence of acti-
vin, whereas Wnt poorly induced the
anterior primitive streak markers but
did induce expression of posterior
primitive streak markers. Further stud-
ies confirmed the simultaneous re-
quirement of the Wnt and TGF-b/
nodal/activin pathways for induction
of ES cell-derived cells expressing
primitive streak markers. Thus, re-604 Cell Stem Cell 1, December 2007 ª2agents from several labs now exist
to permit interrogation of molecules
involved in mesoderm induction in
murine ES cell cultures and a similar
approach has recently been reported
in the human ES cell culture system
(Davis et al., 2007).
Of interest, both Era et al. (2007) and
Gadue et al. (2006) reported that only
serum was efficient to induce the pro-
duction of hematopoietic cells from
certain ES cell-derived mesoderm sub-
sets. Obviously, the specific factors
present in serum, which promote and/
or inhibit certain signaling pathways
necessary for hematopoietic cell emer-
gence, remain to be discovered. This
search may be facilitated by the recent
discovery of a key gene-regulatory
network necessary for hematopoietic
stem cell emergence andmaintenance,
which should permit determination of
the key molecules required to initiate
this gene-regulatory network kernel
during mesoderm specification (Pi-
manda et al., 2007).
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